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FOLIAR XEROMORPHYOF CERTAIN
GEOPHYTICMONOCOTYLEDONS^

Baki Kasapligil

Introduction

Xeromorphy in the vegetative organs of plants and especially in foliage

leaves has long attracted the interest of morphologists and ecologists.

There is now considerable information about foliar xeromorphy and its

relation to factors of the environment (Clements 1905, Harshberger 1908,

Starr 1912, Hanson 1917, Hayden 1919, Pool 1923, Mothes 1932, Evenari

1938, Shields 1951a). Most of these studies deal mainly with dicotyledons,

while the monocotyledons, with the exception of xeric grasses, have

received less attention. As a matter of fact, dicotyledons are more abund-

ant than monocotyledons in arid and semi-arid regions; however, certain

"drought resistant" monocotyledons do occur widely in xeric habitats.

Geophytic monocotyledons, i.e., those having subterranean bulbs,

corms, rhizomes, or tuberous roots, are quite common in the steppic flora

of central Anatolia. In the vicinity of Ankara, there are over fifty such

species in the Gramineae, Araceae, Liliaceae, Iridaceae, and Orchidaceae;

they form about thirty-seven per cent of the total number of known
species of monocotyledons in the local flora (cf. Krause 1937). In the

present study the foliar xeromorphy of eighteen of these species, rep-

resenting five families, has been investigated anatomically.

The geophytic monocotyledons in central Anatolia produce aerial shoots

as early as February and complete their flowering and fruiting stages

during March and April. After forming seeds they usually return to sub-

terranean dormant stages before the drought period starts. In their habit

of resting during the dry season, they resemble ephemeral annuals. Some
botanists may not consider the ephemerals and geophytes as true xero-

phytes, since both of these groups escape instead of endure the critical

drought period. This argument may be answered by considering the

dormant seeds or subterranean fleshy organs as adaptational drought-

enduring stages in the continuous life cycles of these plants. The geo-

phytes thus fit the "drought evading" class of Shanz (1927). Further-

more, the geophytes can also be considered as succulent xerophytes since

they are well adapted to withstand prolonged drought by means of their

fleshy subterranean organs in which water, carbohydrates, and mucilag-

inous substances are stored (cf. Warming 1909).

In this paper, the term "xerophyte" is used as a convenient qualitative

term to designate the plants of xeric habitats where the available soil

water is limited. The classical concept of this term refers to plants living

in places with limited water supply and which are equipped with various

arrangements to reduce transpiration (cf. Willis 1957, p. 692). Although
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Bakee (1914) concluded that xerophytes have higher indices of tran-

spiring power than mesophytes, recent experimental studies have dem-
onstrated that there is no direct correlation between structural modifica-

tions and transpiring powers of xerophytes. The degree of drought resist-

ance cannot be judged simply according to the xeromorphic features

(Maximov 1931, Evenari 1938, Weaver and Clements 1938, Shields 1950,

Daubenmire 1959).

There is general agreement that xerophytes can by morphological and

physiological means either escape or resist permanent injuries caused by
excessive loss of water (Maximov and Maximov 1924), and leaf xero-

morphy is, in addition to geophytic xeromorphy, another such means.

Studies on leaf xeromorphy and its relation to physiological and struc-

tural influences are discussed comprehensively in a recent review article

by Shields (1950) ; therefore the present paper will not attempt to give

a detailed account of the environmental and genetic causes of the foliar

xeromorphy. However, I should like to point out briefly the factors of

the steppic environment in central Anatolia that contribute to the struc-

tural modifications of xeromorphic leaves in the eighteen geophytic mono-

cotyledons chosen for investigation. In Ankara the atmosphere is very

dry and induces strong transpiration. The wind velocity is high during

the winter months when foliage leaves of many geophytic monocotyledons

develop. The wind increases the rate of transpiration. The light intensity,

one of the factors contributing to foKar xeromorphy (Shirley 1929, Tur-

rell 1940, Shields 1951a) is very strong due to high altitude (from 830 m.

at the railroad station to 1855 m. on the Elmadag mountain), cloudless

skies, with the exception of a few rainy and snowy days distributed

irregularly through fall and winter, and to the reflection of solar radia-

tion from gray steppic soils and calcareous rocks of the mountains which

are poorly covered by vegetation. The precipitation is low, and the

drought period usually extends from May to October (Colasan 1946,

Walter 1955 a and b). The limited water supply of the steppic soils is

further decreased by direct evaporation from the soil surface, and the

soil solution acquires the high osmotic pressure which is so typical of

arid and semi-arid regions. Also, the steppic soils in this habitat are

extremely deficient in nitrates, which is another important factor con-

tributing to foliar xeromorphy (cf. Mothes 1932).

The monocotyledons in this study exhibit certain uniformities in addi-

tion to their geophytism, reduced leaf surface, and phenological periodic-

ity. Their root systems are fibrous and very shallow and are limited to

the uppermost soil layers (Birand 1938, Karamanoglu 1955). The latter

author points out the anatomic similarities in regard to epidermis, exo-

dermis, cortical parenchyma and endodermis in the roots of Iris, Orni-

thogalum and Muscari species, although these tissues show minor dif-

ferences from one species to another in regard to thickness of tissues.

Furthermore the geophytic monocotyledons studied by Birand (1938)
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exhibit low osmotic pressures since they complete their activities above

ground during the moist season. The present study was initiated pri-

marily to see if there is any parallelism^ in the structural modifications

and in the adaptational degree of foliar tissues among unrelated species

of geophytic monocotyledons.

In this study the following widely accepted xeromorphic characters

have been considered:

A. General habit of the plant and gross morphology of leaves

1. Reduction of the surface

2. Revolute margins

3. Folding and fusion of the blade

4. Involution upon wilting

5. Increased thickness of the blade

B. Epidermis

6. Strong cutinization

7. Increased thickness of the epidermal cell walls

8. Water storage in depression of stomata

9. Cutinization and ledge formation on the guard cells

10. The occurrence of trichomes

1 1 . Water storage in the epidermal cells

C. Mesophyll

12. Isolateral organization of the palisade

13. Strongly developed palisade parenchyma at the expense of spongy

parenchyma

14. Compactness of the tissues

15. Decreased size of cells

16. Development of a water storing tissue

17. Abundance of excretory idioblastic cells

D. Vascular system

18. Strong development of vascular bundles

19. Compactness of vascular bundles, i.e., lateral proximity of veins

E. Sclerenchyma

20. Strongly developed fibers, tracheoid and sclerenchymatous idio-

blasts (cf. Foster 1956 for these idioblasts).

Materials and Methods

The leaves were collected from plants growing in different localities

of the steppe of Ankara. Portions of leaves were fixed in a solution of

formaldehyde-propionic acid-acetic acid, then transferred into 70 per

cent ethyl alcohol. Transverse leaf sections were made by free hand and

stained with safranin for general histological study and mounted in

gelatin-glycerin. Additional sections were stained with phloroglucinol

and hydrochloric acid for lignin test. Sudan IV was used for the cuticle

(Foster 1949). Leaf portions, cleared in 3 per cent sodium hydroxide,

stained with safranin, dehydrated with xylene and mounted permanently



46 MADRONO [Vol. 16

in Canada balsam (cf. Kasapligil 1951 for method), were entirely satis-

factory to observe the orientation of various tissues and their cellular

morphology. Drawings of leaf sections were prepared by camera lucida.

Herbarium specimens of the plants were also prepared and distributed

among the herbaria of the University of Ankara, University of Califor-

nia, Berkeley, and the Royal Botanic Garden, Edinburgh.

Descriptions of Plants and Their Comparative Foliar Anatomy

Gramineae

HoRDEUMBULBOSUML. (fig. 1) is a tall perennial grass of cultivated

lands as well as of the mountains of the steppe. The flat stiff blades are

characteristically involute upon wilting. The blades are 6-10 mm. wide,

230-300 microns thick along the median bundle and 150-160 microns

thick in the lateral portions. The cormous basal nodes are aggregated in

large clumps.

Epidermal cells are elongated with undulate cell walls, and alternate

with short silica cells. Outer cell walls of the epidermal cells are thicker

than their inner tangential walls. Cutinization of the cell walls is not

prominent, but the epidermal cells adjacent to sclerenchyma strands on

both adaxial and abaxial surfaces of the blade have lignified cell walls.

The stomata are not sunken, and they occur on both surfaces. The guard

cells are dumb-bell shaped and have lignified cell walls. Each stoma is

accompanied by a pair of subsidiary cells. Bulliform cells are situated

along the grooves of the adaxial surface in 4-6 rows. They have straight

cell walls. Hinge cells underlying the bulliform cells are filled with water,

contain very few chloroplasts and form one or two layers. Two different

types of unicellular trichomes were observed: short and hooked tri-

chomes with thick silicified walls along ridges on the abaxial surface and

along margins of the blade; long slender trichomes with lignified cell

walls near the abaxial base of the blades.

Leaves are dorsiventral and a single layer of palisade parenchyma is

situated on the abaxial side. Cells of the mesophyll are small and very

compactly arranged. Prismatic crystals are abundant in the spongy

parenchyma cells along the bundles. Collateral bundles are surrounded

by mestome sheath (Schwendener 1890) as well as by bundle sheath.

Bundle sheath extensions (Esau 1953) are well developed, especially

along the median bundle of the blade, and connect the vascular bundles

to the adaxial fibre strands as seen in transverse sections. Vascular

bundles are close together and are interconnected by small bundles.

Fibres are more strongly developed on the abaxial sides of the bundles

than on the adaxial ones. Abaxial fibre strands are connected directly

with the lignified epidermis and the mestome sheath of the bundles,

while the adaxial fibre strands are "separated" from the bundles either

by bundle sheath extensions along large bundles or by spongy parenchyma
cells along small bundles. Strands of 8-15 fibres extend along both

margins of the blade, beneath the epidermis.



Figs. 1-4. Transverse sections of leaves: 1, Hordeum bulbosum; 2, Poa bulbosa;

3, Arum orientale var. elongatum; 4, Allium rotundum.
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PoA BULBOSAL. (fig. 2 ) is a small perennial grass which is very com-

mon in the steppe as well as in the fields and fallow lands. It has short

and narrow leaves, involute upon wilting. The blades are 2-4 mm. wide

and 4-7 cm. long. Thickness of the blades ranges from 180-220 microns

along median bundles and from 60-125 microns in the lateral portions.

The basal portions of the shoots are swollen and enveloped by thickened

bases of leaves forming clumps of small bulbs.

Epidermal cells are long tabular cells with straight walls. Outer walls

are thicker than the inner ones and are moderately cutinized. The bulH-

form cells are 5-6 cells wide, situated along two grooves of the adaxial

surface on two sides of the median bundle. Bulliform cells are not accom-

panied by hinge cells. The stomata are slightly sunken and occur in both

surfaces of the blade above assimilatory tissue. Guard cells are dumb-
bell shaped, and each stoma has two very small subsidiary cells which

are also sunken. Unicellular hooked trichomes are situated along both

margins and dorsal ridges of the blade.

Mesophyll is not differentiated into palisade and spongy parenchyma.

It consists of very small isodiametric parenchyma cells closely packed

together. Mesophyll is only two cell layers thick beneath the bulliform

cells, while its thickness in other portions of the blade is 5-6 cell layers.

Prismatic crystals are abundant throughout the mesophyll parenchyma.

The collateral vascular bundles are surrounded by mestome sheaths,

but differentiated border parenchyma or bundle sheath extensions are

not present. The median bundle is "imbedded" directly within assimila-

tory tissue and is not connected with the dorsal strand of fibres. On the

other hand, most of the small bundles are connected to upper and lower

epidermis by strongly developed fibre strands. Groups of 3-6 fibres

extend along leaf margins beneath the epidermis. Comparatively speak-

ing, the vascular bundles in the Poa leaf are more compactly arranged

than the vascular bundles of the Hordeum leaf, and likewise anasto-

mosing veins are more frequent than those in the previous species.

Araceae

As far as this author knows, this family is represented only by one

species in the steppic flora.

Arum orientale M. Bieb. var. elongatum Engl. (fig. 3) is a herba-

ceous perennial plant which grows in little soil pockets on eroded and

exposed limestone or within narrow rock crevices at the highest altitudes

of the steppic region. Broadly-hastate leaves are 15-25 cm. long. The
lamina is tender and 250-270 microns thick. The adaxial surface of the

lamina is darker green than the abaxial one. The plants have rounded

tubers, slightly adpressed.

The epidermal cells are polygonal and appear isodiametric in face

view. They are about 50-70 microns long and 40-50 microns deep in

transectional view. The epidermal cells along the vascular bundles are
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narrow tabular in form. A few chloroplasts were observed within the

epidermal cells. Outer tangential walls of the epidermal cells are cutinized

moderately and these walls are thicker than the inner tangential and

radial ones. Stomata are not sunken and appear on both surfaces of the

lamina, more frequently on the dorsal side. As an average, the guard

cells are 45 microns long and 15 microns wide, although their sizes are

variable. The inner and outer ledges of the guard cells are distinctly

developed. Each stoma is subtended by a pair of lateral subsidiary cells

which are thick walled. Each subsidiary cell is equipped with a curved

ledge on its inner tangential wall adjacent to the guard cell. Possibly

these ledges produce complete closure of stomatal openings and form an

additional air chamber between the guard cells and the substomatal air

cavity. Trichomes and idioblasts are absent in the epidermal tissue.

Mesophyll is dorsiventral and provided with a biseriate palisade par-

enchyma on the adaxial side. Palisade parenchyma cells are large and

occupy the upper half of the mesophyll. The spongy parenchyma con-

sists of 5-6 layers of large irregular and loosely arranged cells. As a

whole the mesophyll has very conspicuous intercellular spaces presenting

a mesomorphic rather than a xeromorphic structure. Idioblasts con-

taining raphides are distributed within the spongy parenchyma. Individ-

ual raphides are 180-200 microns long and form crowded bundles within

the idioblasts. Druses are also present, but are not as commonas raphides.

Another feature of the spongy mesophyll is the presence of articulated

laticifers which were noted also by Solereder and Meyer (1928). Scleren-

chyma is not present in any form.

Vascular bundles are reticulate and the leaf resembles a dicotyledo-

nous leaf in this respect. The veins of first, second, third, and fourth

orders are closed and form vein islets, while the veins of fifth and sixth

orders frequently end freely in mesophyll. Marginal bundles run very

close to the leaf edge. The major veins are surrounded by a vaguely dif-

ferentiated bundle sheath.

LiLIACEAE

This family is represented by eight genera in the steppic flora. The

largest genus, Allium, is represented by ten species occurring in the

steppic region under a wide variety of conditions, from moist places along

streams to extreme xeric habitats of saline depressions and mountain

steppe. Two species, which seem to endure drought longer than other

species, were studied.

Allium rotundum L. (fig. 4) is a tall slender plant reaching a height

of 40-50 cm. The leaves are filiform, tapering gradually to the tips.

Although the leaves are typically uni facial in their ontogeny, the adaxial

surface is flat, the abaxial one ridged (cf. Esau 1953 and Hayward 1938

for the ontogeny of the leaf of Allium cepa). There is no central cavity

in the blade. Upon wilting, involution takes place through a folding action

along the median bundle of the lamina halves. The leaves are 2-3 mm.
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wide and 280-300 microns thick. The thickness decreases very slightly

toward the margin of the blade. The small bulbs are oval in outline.

The epidermis, as seen from the surface, consists of long, tapering

cells with straight lateral walls. The lower epidermis bears a much heavier

cuticle than the upper and its outer walls are characterized by lamella-

tion. The lumina of the lower epidermal cells are extremely small. Bulli-

form cells of the upper epidermis extend along the groove above the

median bundle and form a row of 5-7 cells. They are not accompanied by
any specialized hinge cells in the underlying tissue. Stomata occur on

both upper and lower surfaces and are sunken below the epidermal level.

Subsidiary cells are not present, and trichomes in the epidermis are

missing.

Mesophyll includes a uniseriate palisade on both sides. The abaxial

palisade is strongly differentiated, while the adaxial one is weakly devel-

oped. The spongy mesophyll is composed of small isodiametric paren-

chyma cells which form 10-15 layers with conspicuous intercellular

spaces. A well differentiated water-storing parenchyma in the central

portion of the mesophyll consists of enlarged cells lacking chloroplasts.

Articulated laticifers and patches of tracheoid idioblasts are abundant

in the mesophyll and are distributed at random. Well developed vascular

bundles are densely arranged in longitudinal directions. They are trans-

connected by means of small bundles. Reversal of the bundles in regard

to the position of xylem and phloem is obvious. Apparently this situation

is caused by the peculiarity of the leaf apex (cf. Esau 1953, fig. 16.19).

Clearly differentiated bundle sheaths have cells characterized by promi-

nent central vacuoles and peripherally arranged chloroplasts.

Fibers associated with the vascular bundles are strongly developed,

the xylem fibers, especially, forming very thick and compact strands along

major veins.

Allium stamineum Boiss, (fig. 5) is a small plant about 20-25 cm.

high with tunicated oval bulbs. The leaves are smaller and more tender

than those of the previous species. They are 1.5-2 mm. wide and appear

reniform in transverse section. Involution upon wilting is not pronounced.

The thickness of the leaves ranges from 450 to 550 microns. As in Allium

rotundum, the leaves are uni facial, but both the upper and lower surfaces

are ridged. The epidermal cells are tabular in form, and their outer walls

are extremely thick and heavily cutinized throughout both surfaces of the

leaves. Consequently the lumina of the epidermal cells are very small.

Stomata occur in deep depressions of abaxial and adaxial surfaces. Uni-

cellular, short, conical trichomes with very thick cell walls are arranged

in regular rows along the ridges. Trichomes are living cells, and their

nuclei are always situated at the bottom of the enlarged basal portions

of the cells.

The mesophyll is quite different from that of A. rotundum. First of

all it has a well developed biseriate palisade on both upper and lower sides,



Figs. 5-7. Transverse sections of leaves: 5, Allium staminenm
; 6, Colchicum

biebersteinii; 7, Gagea arvensis var. semiglabra.



52 MADRONO [Vol. 16

followed by a layer of articulated laticiferous tubes. These laticifers pos-

sess perforation plates similar to sieve plates. The spongy parenchyma
is very weakly developed, forming a layer of 2-3 cells inside the "ring"

of laticifers. As the leaves reach maturity, remarkably large water-storing

parenchyma cells in the center of the leaf collapse and form lacunae. Col-

lateral bundles are surrounded by bundle sheaths. "Parallel" running

major bundles are more or less spaced from each other, but they are

transconnected by minor bundles. There are a few xylem fibers associated

with the bundles, but phloem fibers are very rare. Sclerenchymatous

idioblasts are abundant and seem always to be associated with inter-

connecting transverse bundles or to occur terminal to freely ending

veinlets.

CoLCHicuM BiEBERSTEiNii Rouy (fig. 6) is a stout plant which grows

in foothills and on mountain slopes protected from the wind. It blooms

as early as in F^ebruary, right after a few sunny winter days. The basal

leaves arising from tunicated bulbs lie on the ground. They are flat,

narrow, dark green and coriaceous in texture, 8-10 mm. wide and

380-450 microns thick. Involution does occur, although the leaves are

not provided with any specialized motor cells. A similar situation was

observed in Oryzopsis hynienoides (Roem. et Schult.) Ricker by Shields

( 1951b) . The epidermal cells are long tabular cells with straight anticlinal

walls. Abaxial and adaxial sides of the epidermis are coated with a thick

cuticle layer which exhibits very fine dentation as seen in transectional

view. Outer tangential walls of the upper and lower epidermis are exceed-

ingly thick and are marked with distinct lamellation (25 microns or even

thicker ) while the inner tangential walls are moderately thickened. Radial

walls of the epidermal cells however do not show a noticeable thickening.

The stomata occur on both surfaces, but are more frequent on the abaxial

surface. They are not sunken, but he at the same level with cuticle and

thick outer walls of the epidermal cells. The guard cells also possess very

thick cell walls and are provided with well developed inner and outer

ledges. Subsidiary cells are not present. Unicellular, short, conical tri-

chomes with blunt tips occur along leaf margins only. These trichomes

are dead cells with extremely thick walls and practically no lumens.

The leaves of Colchicum biebersteinii present an isolateral organization

with a biseriate palisade on both upper and lower sides of the mesophyll.

Palisade parenchyma is strongly developed at the expense of the spongy

parenchyma. It occupies two thirds of the mesophyll. Palisade paren-

chyma has thin walls in general, but the outer cell walls of the outer

parenchyma layer are remarkably thickened toward the leaf margins.

The spongy parenchyma is scanty and represented by 2-5 layers of iso-

diametric cells in the central portion of the mesophyll. Prismatic crystals

occur in both palisade and spongy parenchyma cells. Large and small

vascular bundles imbedded within the spongy mesophyll are sheathed

by border parenchyma. The median bundle is not different from other
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bundles. The general pattern of venation is striate, but the veins run-

ing along the longitudinal axis of the leaf are interconnected by small

bundles at frequent intervals so that a strongly developed and compact

network of veins with many vein islets of varying sizes results. Isolated

tracheids with spiral thickenings are found occasionally outside the

bundles. Vascular bundles are not accompanied by fibers. Strands of 7-8

collenchyma cells with highly reduced lumens occur along leaf margins

under the epidermis.

Gagea arvensis Dum. var. semiglabra Beck (fig. 7) is a bulbous

plant occurring commonly in fields, fallow lands and in thickets under

the protection of small steppic shrubs. The smooth, flat, lanceolate, light

green, tender leaves are 7-8 cm. long, 5-6 mm. wide and 350-380 microns

thick. Involution occurs upon wilting, although there are no specialized

motor cells.

The epidermis consists of long tabular cells with straight radial walls.

The outer tangential walls of epidermal cells are 12-14 microns thick

on both surfaces. However, the outer tangential walls of the upper epi-

dermis project and become almost papillate especially in the cells adjacent

to the stomata. Apparently the adaxial epidermis is involved in water

storage. A finely striate cuticle covers the entire leaf. The stomata are

not sunken, and they occur on both the upper and lower epidermis at

nearly equal frequencies. The guard cells are 20 microns wide, 45 microns

long and 20 microns thick. They are equipped with well developed inner

and outer ledges. Subsidiary cells are not present. The long unicellular

trichomes occurring along leaf margins are dead, thick walled cells

with papillate projections all around them. The leaf structure is dorsi-

ventral, and the mesophyll is provided with a single layer of palisade

on the abaxial side. The palisade parenchyma is poorly differentiated,

although sometimes it appears to be biseriate. The greater part of the

mesophyll consists of large spongy parenchyma cells, 4-5 cell layers

thick. These cells are more or less isodiametric and variable in size, but

cells with a diameter of 100-120 microns are not uncommon. The spongy

parenchyma cells, with large central vacuoles filled with sap, are mainly

responsible for the succulent texture of the leaves. Crystal sand is found

in the spongy parenchyma cells, but no specialized idioblasts occur.

Vascular bundles are not accompanied by fibers, but interestingly

enough are sheathed by two layers of border parenchyma, thin walled

cells which appear round in transectional view. The inner bundle sheath

consists of smaller cells than those of the outer bundle sheath. There are

no sheath extensions on either side of the bundles. Vascular bundles

present a typical striate pattern. They converge near the leaf apex, but

interconnecting veinlets have not been observed. They are more wide-

ly spaced than in any other species studied. Isolated vascular strands lie

parallel to adjacent vascular bundles. These strands consist of a few

helical tracheids and terminate in undifferentiated procambial cells at
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both ends. There is no evidence of bundle sheaths around the isolated

vascular strands.

Leaves of Gagea do not present striking xeromorphic features. They
represent a leaf type at the border line between mesomorphic and xero-

morphic structures.

Merendera trigyna (Adam) Woron. (fig. 8) is a bulbous plant with

strap shaped, flat leaves which are 3-4 mm. wide and 300-350 microns

thick. It occurs in the mountain steppe and blooms during February and

March. The leaves are isolateral and involution occurs upon wilting.

The epidermis consists of rectangular cells, 14 microns wide and 70

microns long. Upper and lower epidermis are coated by a striate cuticle

2-3 microns thick. The outer tangential walls of the epidermal cells are

remarkably thick, and cell lumina are extremely reduced. Both upper

and lower epidermal cells contain chloroplasts. The stomata are sunken

and distributed on both adaxial and abaxial surfaces. Guard cells are 12

microns wide and 32 microns long as seen in face view. Inner and outer

ledges are well developed, the outer ones being cutinized. Subsidiary cells

are not present. Short unicellular trichomes occur along leaf margins.

The cell walls of the trichomes are very thick and appear refringent

under polarized light.

The mesophyll has a biseriate palisade on both adaxial and abaxial

sides. Palisade parenchyma cells are small and densely arranged. They
occupy two thirds of the mesophyll as seen in transverse section. Spongy

parenchyma consists of 5-6 cell layers between upper and lower palisade.

Crystal sand occurs in spongy parenchyma cells. There are no special-

ized idioblasts in the mesophyll.

Vascular bundles are closely spaced and transconnections occur very

frequently. Border parenchyma cells containing very few chloroplasts

are restricted to outer edges of xylem and phloem. Consequently they do

not form a continuous sheath around bundles. There are no fibers

associated with the vascular bundles, but strands of partially lignified,

hjpodermal fibers extend along leaf margins.

MuscARi coMOSUMMill. (fig. 9) is a bulbous plant which grows in

mountain steppe as well as in cultivated lands. Strap-shaped leaves,

slightly deflexed at their tips, are 10-15 cm. long, 1-1.5 cm. broad and

25Q-350 microns thick. Incomplete involution takes place upon wilting.

The upper epidermis is smooth, while the lower epidermis exhibits a

wavy surface although there are no ridges on the abaxial side. Epidermal

cells are almost prosenchymatous, 10-15 microns wide and 150-200

microns long. The cuticle is thin and the outer tangential walls of the

epidermal cells are moderately thick. Stomata occur on both surfaces of

the leaves. They are nearly at the same level with the rest of the epi-

dermal cells of the adaxial surface, but the stomata of the abaxial surface

are hidden within the furrows caused by the plication of the epidermal



Figs. 8-10. Transverse sections of leaves: 8, Merendera trigyna; 9, Muscari
comosum; 10, Muscari racemosum.
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tissue on this side. Guard cells are not accompanied by subsidiary cells

and there are no trichomes.

Leaves are typically isolateral
;

mesophyll is provided with a uniseriate

palisade on adaxial and abaxial sides. Palisade parenchyma cells are

nearly cylindrical in shape and are compactly crowded. Cells of the

abaxial palisade are almost twice as long as the cells of the adaxial pali-

sade. Together the two palisade layers occupy about one third of the

thickness of mesophyll. Spongy mesophyll consists of 7-8 layers of

cells which are loosely arranged, leaving conspicuous intercellular spaces

between them. Chlorenchymatous cells are located around vascular

bundles and adjacent to the inner edges of the palisade layers. Spongy
parenchyma cells, located centrally in the mesophyll, are larger than the

cells of the peripheral spongy parenchyma and contain few chloroplasts

and large vacuoles. This water storing parenchyma gives a fleshy texture

to the leaves. It is interesting to note that this tissue becomes lacunate

as the leaves reach maturity. Cylindrical idioblastic cells containing

raphides are abundant in the spongy mesophyll.

Vascular bundles are surrounded by a single layer of bundle sheath.

Large and small bundles which are distantly spaced and which alternate

with each other run along the longitudinal axis of the leaves. Small veins

interconnecting the "parallel" veins are common. Sclerenchyma cells

are not present.

With the exception of isolateral structure of leaves and presence of

water storing tissue, Muscari comosum does not present any appreciable

xeromorphic feature and lies rather on the mesomorphic side, especially

in respect to the presence of lacunae and prominent intercellular spaces

and high proportion of spongy parenchyma as compared to the propor-

tion of palisade parenchyma. It can well be regarded as a mesoxero-

morphic leaf.

Muscari racemosum Mill. (fig. 10) is a larger bulbous plant than

Muscari comosum Mill. It grows in the mountain steppe. The leaves are

lanceolate to almost ovate, tapering gradually toward apex. They are

coated with a waxy substance which gives a glaucous appearance to the

leaves. The upper surfaces of the leaves are flat and the lower surfaces

are ridged. Involution takes place upon wilting although there are no

bulliform cells in the epidermis.

Epidermal cells are prosenchymatous, 18-20 microns wide and 220-280

microns long. The cuticle is thicker than the cuticle of the preceding

species. Outer walls of the epidermal cells are very thick and are char-

acterized by lamellate cutinization. The wall thickness is more prominent

in the epidermal cells on the abaxial surface than in those on the adaxial

surface. Inner tangential walls of the abaxial epidermal cells are also

thickened considerably. Portions of the abaxial epidermis beneath vas-

cular bundles have exceedingly thick outer cell walls reaching 25 microns

in thickness. These thick-walled epidermal cells contribute to the for-
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mation of abaxial ridges on the leaves since there are no hypodermal

fibers along ridges. Outer cell walls of the abaxial epidermis adjacent to

the mesophyll between vascular bundles are relatively thin walled. Con-

sequently thin and thick walled portions of the lower epidermis alternate

with each other following the spacing of vascular bundles and dorsal

ridges as seen in transverse section. Stomata are sunken and occur on

both surfaces. There are no subsidiary cells or trichomes.

Unlike the previous species, the leaves of Muscari racemosum are

dorsiventral with a biseriate palisade on the lower side. The central por-

tion of mesophyll is occupied by an extensive water storing tissue which

takes up two thirds of the thickness of the mesophyll between vascular

bundles. Water storing parenchyma cells contain very few chloroplasts.

Assimilatory cells of the spongy parenchyma are situated at the periph-

eries of the water storing tissue and are very loosely arranged, leaving

conspicuous air spaces between them. Sizable lacunae are present in the

centers of water storing tissues. Although these lacunae seem to be schizo-

genous cavities, there is ample evidence for collapsed cell walls, suggest-

ing that they are partly lysigenous in origin (cf. Newcombe 1894).

Bizarre idioblasts containing raphide bundles are abundant in the meso-

phyll.

Vascular bundles are surrounded by bundle sheaths and are devoid

of fibers. However, converging bundles of the leaf apex are associated

with many tracheoid idioblasts. Vascular bundles are widely spaced, as

in the preceding species. Transverse veinlets occur frequently, either

connecting the longitudinal bundles or terminating bHndly in mesophyll.

The leaves of Muscari racemosum also can be considered as meso-

xeromorphic, especially considering the presence of large lacunae. This

lacunate condition, however, may also be considered as an ancestral

feature, if we follow the classical belief that the xeromorphic leaves are

derived from mesomorphic leaves during evolution.

Ornithogalum is represented by ten species in the steppic flora. Only

two species are considered in this paper.

Ornithogalum armeniacum Bak. (fig. 11) is a bulbous plant which

grows in the valleys of the mountain steppe. Linear leaves are 2-3 mm.
wide and 250-400 microns thick. The upper leaf surface is flat, the

lower one ridged by prominent thickenings of the outer walls of epidermal

cells. Involution occurs upon wilting (fig. IIB).

Epidermis is covered by a heavy cuticle. Epidermal cells of both

surfaces are more or less tabular in shape, 20-22 microns wide and 247-

330 microns long. Stomata are not sunken and occur on both surfaces.

Guard cells are thick-walled and equipped with cutinized external ledges

only. Guard cells are 13 microns wide and 39 microns long, and are not

accompanied by subsidiary cells. Trichomes are not present.

The leaf is isolateral and mesophyll is provided by a uniseriate palisade

on adaxial and abaxial sides. It is interesting to note that the adaxial
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palisade is interrupted by water storing parenchyma cells above the

median vascular bundle (fig. 11a and b). Assimilatory parenchyma

cells of the spongy mesophyll form one or two layers bordering the pali-

sade layers. The central portion of mesophyll is occupied by water

storing parenchyma and schizogenous lacunae. Raphide containing excre-

tory idioblasts are abundant particularly in the spongy mesophyll and

along the leaf margins.

Vascular bundles lack sclerenchyma and are sheathed by bundle

sheaths. Large bundles are closer to the adaxial leaf surface than are the

alternating small bundles. Transverse veinlets interconnect large "paral-

lel" veins obliquely or perpendicularly, very often without making any
contact with the alternating smaller longitudinal bundles.

Ornithogalum narbonense L. var. pyramidale Boiss. (fig. 12) is

a bulbous plant which grows in fields and fallow lands as well as in the

mountain steppe. Strap-shaped, fleshy leaves are 20-30 cm. long, 1-1.5

cm. wide and 500-600 microns thick. Upper surfaces of the leaves are

flat; lower surfaces are more prominently ridged than those of 0. armeni-

acum. SHght involution occurs upon wilting.

The epidermis consists of very narrow cells, tapering toward the ends.

Epidermal cells are 618-825 microns long, 25-30 microns wide, and

35-38 microns deep. Superficial walls of the epidermal cells project on

both adaxial and abaxial sides. Outer walls of the epidermal cells are

thick and heavily cutinized. Stomata are distributed throughout both

surfaces of leaves and are sunken distinctly on the lower epidermis.

Guard cells are 12 microns wide and 32 microns long; they are not ac-

companied by subsidiary cells. Two kinds of unicellular trichomes have

been observed: very thick walled conical trichomes 100-110 microns

long which occur along the abaxial ridges; and cylindrical trichomes

345-450 microns long which are confined to the leaf margins.

Leaves are isolateral and the mesophyll has a uniseriate, well-developed

palisade on abaxial and adaxial sides. Again the adaxial palisade is inter-

rupted by a few large cells without chloroplasts along the median groove.

These cells may function as motor cells together with other cells between

median bundle and epidermal cells lining the groove. Spongy parenchyma

is more prominent than it is in the leaves of the preceding species. The
central portion of mesophyll is occupied by a water storing tissue which

consists of very large irregular parenchyma cells of 4-5 layers. Schizo-

genous lacunae develop within this water storing tissue in mature leaves.

Excretory idioblastic cells containing druses or raphides of calcium oxa-

late are abundant in spongy mesophyll. Individual raphide crystals are

4-5 microns thick and 206-230 microns long. Very long isolated individ-

ual fibers occur in the mesophyll. These fibers are about 20 microns thick

and 8-14 millimeters long, extending along the longitudinal axis of the

leaf, not far from large vascular bundles.

The vascular bundles are more closely spaced than those of the pre-



Figs. 11-13. Transverse sections of leaves: 11, Ornithogalum armeniacum;

12, Ornithogalum narbonense var. pyramidale
; 13, Crocus ancyrensis.
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ceding species. Large and small veins are interconnected by small veins

which always run into major veins obliquely and never perpendicularly.

Bundle sheaths are well developed around large and small bundles.

Iridaceae

This family is represented by Crocus, Gladiolus and Iris in the steppic

flora. The genus Crocus, which has tunicated, fleshy, underground corms,

is represented by six species, two of which will be considered in this paper.

Gladiolus possesses a tunicated corm which is not so deeply buried as

the corms of crocuses. Gladiolus is represented by a single species. The
genus Iris is represented by four species in the steppic flora, all of them
having fleshy rhizomes which become slightly woody in age.

Crocus ancyrensis Maw (fig. 13) is an endemic species abounding

in the mountain steppe and blooming from February to April. It has

very narrow, stiff, dark green and shiny leaves which are not differenti-

ated into petiole and lamina. These leaves, which remind one of pine

needles, represent an extremely reduced leaf type among geophytic mono-
cotyledons of the steppic flora. Their length ranges from 5-8 cm., their

width is 800-900 microns and their thickness in the middle portion of the

leaf, across the dorsal ridge, is 400-450 microns. The transectional out-

hne of the leaf is almost "T"-shaped. Lateral flaps of the leaf are revo-

lute, 120-162 microns thick. Possibly, change of turgor pressure in the

abaxial epidermal cells of the lateral flaps is responsible for the revolu-

tion mechanism.

The epidermis consists of very narrow and elongated cells which appear

almost fusiform in surface view. Epidermal cells are 290-300 microns

long, 14-16 microns wide and 18-24 microns deep. The cuticle is 1-2

microns thick and covers the entire leaf surface. Both outer and inner

tangential walls of the epidermal cells are strongly thickened, the outer

walls being much thicker than the inner ones. The lumina of the epidermal

cells are highly reduced, particularly along the margins of the lateral

flaps of the leaf. The stomata are sunken and appear on the abaxial sur-

face of the foliar flaps and along the upper portions of the thickened

abaxial ridge of the leaf. The adaxial surface of the leaf and the abaxial

surface of the dorsal ridge are devoid of stomata. Guard cells are very

small, 7-8 micrcns wide and 18-20 microns long. Very few unicellular

trichomes occur along the margins of foliar flaps and along lateral cor-

ners of the dorsal ridge.

Leaves are isolateral in a peculiar way. A strongly developed, biseriate

palisade consists of small and tightly arranged cells. Palisade is inter-

rupted by water storing parenchyma cells on the adaxial side. Spongy

mesophyll is differentiated into assimilatory and water storing tissues.

Small chlorenchymatous cells of the spongy mesophyll form 2-5 rows

in foliar flaps as well as in dorsal ridge, beneath palisade parenchyma.

The central portion of the mesophyll is occupied by water storing tissue
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which extends from the dorsal ridge to the adaxial epidermis in a

"V"-shape as seen in transectional view. Water storing parenchyma cells

lack chloroplasts. They appear as a white band on the adaxial sides of

the leaves. Crystals and idioblasts are not present.

Vascular bundles are strongly developed and run very close to each

other and to the abaxial epidermis. A median bundle is not present. Each

foliar flap and each "corner" of dorsal ridge is provided with a major

bundle which is characterized by the presence of a well-developed bundle

cap. Minor bundles have small amounts of phloem fibers or none. The
minor bundles anastomose highly and interconnect the major bundles.

Xylem fibers are not present and bundle sheaths are not clearly differen-

tiated.

Crocus suterianus Herb. (fig. 14) is another endemic species which

occurs in the mountain steppe of Asia Minor. It has a spherical corm
protected by a fimbriate tunic. The leaves are linear, 10-15 cm. long,

2-3 mm. wide and 200-300 microns thick in foliar flaps. With the excep-

tion of a white adaxial stripe, the leaves are dark green and stiff. The
dorsal ridge is more pronounced than that of the preceding species and
the transectional outline of the leaf is T-shaped (fig. 14b). The foliar

flaps are revolute and roll backwardly upon wilting. Ridged middle

portion of leaves is 1-1.5 mm. thick, which is twice or three times as

thick as that of Crocus ancyrensis.

Epidermal cells, which are very slender and fusiform as seen in face

view, are 130-243 microns long, 20-26 microns wide and 25-28 microns

deep. The entire leaf surface is covered by a thick cuticle which reaches

a thickness of 4 microns on the adaxial epidermis and on the abaxial

epidermis of the dorsal ridge. Inner and outer tangential walls of the

epidermal cells are very thick. Abaxial epidermal cells of foliar flaps

are characterized by dome-shaped outer walls. These highly vacuolated

cells are relatively thin-walled and may function as motor cells. Stomata

are sunken and restricted to the abaxial epidermis of foliar flaps and

to the lateral sides of the dorsal ridge. Guard cells are very small, 14

microns long and 7 microns wide. There are no subsidiary cells. Uni-

cellular, dead trichomes occur only along the margins of the foliar flaps.

Trichomes are 120 microns long and 15 microns thick.

The leaves are peculiarly isolateral as described in the preceding

species. The adaxial palisade consists of narrow cyhndrical cells which are

tightly arranged and biseriate, but the cells tend to be in three layers

near water storing tissue. The palisade tissue is strongly developed at

the expense of spongy parenchyma in the foliar flaps and occupies more

than half of the thickness of the mesophyll. Again the spongy mesophyll

is differentiated into assimilatory and water storing tissues (fig. 14a

and b) as described for Crocus ancyrensis. Assimilatory spongy paren-

chyma cells are small, tightly arranged and form four layers on the

abaxial side of the fohar flaps and in dorsal ridge. Water storing paren-
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chyma cells are large and have prominent air spaces between them. Idio-

blasts containing large prismatic crystals are abundant in the assimila-

tory spongy tissue. These crystals are 15-16 microns thick and 97-146

microns long. The idioblasts are situated around the bundle caps and

occasionally occur also "scattered" within the assimilatory spongy meso-

phyll.

Vasculation of the leaves is similar to that of Crocus ancyrensis with

minor differences. The major bundles along the margins of foliar flaps

and those at the "corners" of the dorsal ridge are accompanied by xylem

and phloem fibers. Furthermore, the bundle sheaths are more distinctly

differentiated and the vascular bundles more compactly arranged than

those of C. ancyrensis.

Gladiolus atroviolaceus Boiss. (fig. 15) is a cormous plant 30-55

cm. high. It has a wide distribution in the Middle East. It grows in fields,

fallow lands as well as in mountain steppe. The leaves are strap-shaped,

firm, strongly ribbed, 15-20 cm. long, 4-5 mm. wide and about 0.5 mm.
thick. From the morphological point of view, these leaves present a very

peculiar structure. Typically, the leaves are unifacial, with inverted

bundles, but the presence of two marginal bundles and a prominent

marginal groove (fig. 15a and b) along one edge of the blade and the

presence of a single bundle with a well developed ridge along the other

edge of the blade suggests the folding and fusion of two halves of the

blade during ontogeny. However, there is no evident line of fusion in the

mesophyll. The problem may be solved by an ontogenetic study. Corms
are ovoid, tunicated and buried superficially in ground.

If the interpretation of the foliar structure given above be true, the

epidermis of upper and lower leaf surfaces may represent the abaxial

epidermis only. The epidermal cells are tabular in form, 48 microns long,

30 microns wide and 20 microns deep. The cuticle is 2 microns thick on

the blade surface and 4-5 microns thick along leaf margins. Epidermal

cells form 2-5 papillose projections. Stomata are sunken and occur on

both leaf surfaces. Epidermis of the projecting ribs has no stomata or

trichomes.

The leaves are isolateral in the sense that abaxial and adaxial sides

of the leaves present identical structure, but the mesophyll is not differ-

entiated into palisade and spongy parenchyma. The mesophyll consists

of very small, tightly arranged, elliptical cells which resemble palisade,

but they lie parallel to the leaf surface. Water storing parenchyma cells

are situated between opposite major ribs of the blade (fig. 15b). Idio-

blasts containing prismatic crystals are distributed at random within

mesophyll. Crystals are 16 microns thick and 65-160 microns long.

Tracheoid idioblasts occur commonly in mesophyll.

Major vascular bundles are accompanied by bundle caps and project

on leaf surfaces as well as along leaf margins. Major bundles extend

"parallel" but the minor bundles which are imbedded in mesophyll anas-



Figs. 14-15. Transverse sections of leaves: 14, Crocus suterianus;

15, Gladiolus atroviolaceus.

tomose frequently and interconnect the major bundles. Minor bundles

lack fibers and are surrounded by bundle sheaths. As a whole, the leaves

present a compact vascular system.

Iris aphyllus L. (fig. 16) is a rhizomatous plant occurring in the

mountain steppe and in the openings of forest remnants of the steppic

region. Bluish-green, sword-shaped, erect leaves are 10-15 cm. long, 1-1.5

cm. broad and 800 microns thick in the lower sheath portion, 400 microns

thick in the upper blade portion. Unifacial structure of leaves with in-

verted vascular bundles is seen clearly (fig. 16a, b, and c).

Epidermal cells are 227 microns long, 48 microns wide and 39 microns
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deep and rectangular in form. Stomata are sunken and occur on both sur-

faces of the blade. However, there are no stomata on the adaxial epidermis

of the flaps in sheathing lower portions of leaves. Considering the devel-

opment of these unifacial leaves, it is understandable that a similar epi-

dermis occurs all around the upper blade portions of leaves; therefore the

actual distribution of stomata would be confined to abaxial epidermis

only. The guard cells are typically reniform, 50 microns long and 25 mi-

crons wide. There are no subsidiary cells. Unicellular, thick walled tri-

chomes occur on the abaxial epidermis only and there are no trichomes

on the adaxial epidermis of sheathing flaps. The trichomes are 40 microns

long and conical in shape.

The blades are isolateral in the sense that both sides of the blades are

similar in regard to uniform mesophyll and inverted bundles, although

there is no palisade tissue. On the other hand sheathing flaps present a

dorsiventral structure since mesophyll is differentiated into water storing

parenchyma on the adaxial side and assimilatory parenchyma on the aba-

xial side. Furthermore xylem tissues of vascular bundles face the adaxial

epidermis in sheathing flaps (fig. 16b). The mesophyll of the blade con-

sists of elliptical spongy parenchyma cells lying with their longitudinal

axes paraUel to leaf surfaces. This is quite similar to the situation found

in Gladiolus leaves except that the parenchyma cells in Iris leaves are at

least twice as big as the assimilatory parenchyma cells of Gladiolus leaves.

Extensive water storing tissue occupies the central part of the mesophyll

in lower sheathing portions of leaves. Idioblasts containing prismatic

crystals are abundant in mesophyll. These crystals are very similar to

those found in the leaves of Crocus suterianus and Gladiolus atrovio-

laceus.

Vascular bundles of the leaves are strongly developed, but are not as

compact as the bundles in Crocus and Gladiolus leaves. The bundle caps

also are strongly developed along major veins, but do not project as ribs

on the leaf surface. Xylem tissues of the major veins possess a few fibers.

Phloem fibers are lignified while thick walls of xylem fibers do not show
any sign of lignification. Veinlets interconnecting the major bundles occur

frequently. Some of the veinlets terminate blindly in mesophyll and very

often are associated with tracheoid idioblasts at their tips. Strands of

fibers occur along the margins of sheathing blades as well as along both

edges of blades (fig. 16b and c).

Orchidaceae

This family is represented by a number of terrestrial orchids which

grow in moist places of the steppic region. The specimens of Limodorum

abortivum and Orchis mascula subsp. pinetorum were collected from an

open pine forest in Beynam at an altitude of 1450 meters.

Limodorum abortivum (L.) Sw. (fig. 17) is a saprophyte with well

developed fleshy rhizomes. Scale-like leaves are small, very tender and

nearly surround the scape. Apical portions of these leaves slightly diverge
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from the scape and form a short blade about 2-3 cm. long, 1-1.5 cm. broad

and 250-300 microns thick. Involution occurs slightly upon wilting.

The adaxial epidermis consists of large tabular cells with papillose outer

walls. Water storage takes place in upper epidermis. The abaxial epidermis

consists of much smaller cells than those of the adaxial epidermis. Stomata

occur on the abaxial epidermis only and are not sunken. Guard cells are

65 microns long and 23 microns wide. Each stoma is surrounded by six

subsidiary cells, each guard cell being subtended by three of them. The
presence of four Tradescantia-type subsidiary cells was reported by Sole-

reder and Meyer (1930) in some orchidaceous genera. The radial walls

of subsidiary cells extend toward the stomatal opening, the stomatal ap-

paratus as a whole resembling a rosette in face view.

Mesophyll is not differentiated into paHsade and spongy parenchyma

and consists of more or less uniform isodiametric parenchyma cells ar-

ranged tightly. Patches of tracheoid idioblasts, fibers and mucilage- or

raphide-containing excretory idioblasts are present in mesophyll. The oc-

currence of such a great variety of idioblasts together in one species was

not observed in other species of the present study.

Major vascular bundles present a striate pattern, but minor bundles

anastomose frequently and form also peculiar zigzags extending back and
forth and interconnecting major bundless eventually.

Orchis mascula L. subsp. pinetorum Boiss. (fig. 18) has tuberous

fleshy roots protected by a dark brown cork tissue. The leaves are basal,

flat and very tender, 10-15 cm. long, 1.5-2 cm. wide, 350-450 microns

thick. Upper leaf surface is grooved along the median bundle and the

lamina halves fold over along the median bundle when a water deficit

develops.

The adaxial epidermis consists of remarkably large tabular cells 340-

550 microns long, 100-1 50 microns wide and 1 20-200 microns deep. These

cells are characterized by thick outer walls, peripheral cytoplasm and

large vacuoles. Their nuclei are pushed against inner tangential walls.

They contain chloroplasts and concentric starch grains. Epidermal cells

along the adaxial groove are specialized as motor cells and are much
smaller than adjacent water storing epidermal cells. Adaxial epidermis is

mainly responsible for the fleshy nature of the leaves. The occurrence of

water storing epidermis was reported by Metzler (1924) for other orchi-

daceous genera such as Dendrobium, Otochilus, Pholidota and Pleione.

The abaxial epidermis consists of much smaller cells. Stomata occur on

the abaxial epidermis only and are not sunken. Guard cells are 70 microns

long, 35 microns wide and are equipped with strongly developed inner and

outer ledges. Subsidiary cells and trichomes are not present.

Mesophyll consists of small isodiametric parenchyma cells which are

arranged rather tightly. Idioblasts containing protein crystalloids (Kues-

ter 1935) and raphide bundles associated with mucilage occur at random

in the mesophyll. There is no sclerenchyma, but a strand of a few hypoder-
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mal collenchyma cells occurs occasionally on the dorsal side of the ridge.

\' ascular bundles are widely spaced. Major and minor veins anastomose

frequently. Bundle sheaths are differentiated distinctly around major

bundles.

The leaves of Limodorum abortivum and Orchis mascula subsp. pine-

torum do not show striking xeromorphic features with the exception of

folding of blades, epidermal water storage, compactness and decreased cell

size in the mesophyll, and abundance of excretory idioblasts. On the other

hand they exhibit a prevailingly mesomorphic structure, and may be con-

sidered as mesoxeromorphic.

The present study shows that not all xeromorphic characters occur uni-

versally in the leaves of the geophytic monocotyledons investigated. Each

plant exhibits a different combination of xeromorphic features. Further-

more, there are quantitative differences in the degree of development of

each particular xeromorphic feature. I believe many of these xeromorphic

characters are genetically fixed as the result of a natural selection in this

semi-arid environment. Consequently these plants are morphologically

and physiologically adapted to tolerate the factors of the environment.

Drought is one of the most severe factors and the plants in question are

well adapted to survive drought. On the other hand some of the features

described may represent xeroplastic characters which may be subject to

q. alitative and quantitative changes under varied conditions of the envi-

ronment. It would be very desirable to conduct an experimental study

using controlled conditions to determine the extent of plasticity of the

foliar xeromorphic features.

Summary

The foliar histology of eighteen species of geophytic monocotyledons

representing Araceae, Liliaceae, Gramineae, Iridaceae and Orchidaceae

has been described. The research materials were collected wholly from the

central Anatolian steppic region. They exhibit certain uniformities such

as geophytism, shallow root distribution, leaf shape, osmotic concentra-

tions, and phenological periodicity.

Xeromorphic characters observed in gross morphology and in anatomi-

cal structure do not occur universally in the leaves of all plant species

studied, but each species exhibits combinations of certain foliar xeromor-

phic features as follows. Reduction of the leaf surface: Allium stamineum,

Crocus ancyrensis, C. suterianus\ revolute margins: Crocus ancyrensis,

C. suterianus; unifacial leaves: Allium rotundum, A. stamineum, Gladio-

lus atroviolaceus, Iris aphyllus; involution or folding of blade upon wilt-

ing: Hordeum bulbosum, Poa bulbosa, Allium rotundum, Colchicum bie-

bersteinii, Gagea arvensis, Merendera trigyna, Muscari comosum, M.
racemosum, Orchis mascula; increased thickness of the blade: Allium

stamineum, Crocus ancyrensis, C. suterianus; strong cutinization of epi-

dermis: Allium rotundum, A. stamineum, Colchicum biebersteinii, Gagea
arvensis, Merendera trigyna, Muscari racemosum, Ornithogalum armeni-
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acum, O. narbonense, Crocus ancyrensis, C. suterianus, Gladiolus atrovio-

laceus; increased thickness of the epidermal cell walls: Allium rotundum,

A . stamineum, Colchicum biebersteinii, Merendera trigyna, Ornithogalum

armeniacum, O. narbonense, Crocus ancyrensis, C. suterianus. Orchis mas-

cula\ depression of stomata: Poa bulbosa. Allium rotundum, A. stamine-

um, Merendera trigyna, Muscari racemosum, Ornithogalum narbonense,

Crocus ancyrensis, C. suterianus. Gladiolus atroviolaceus, Iris aphyllus;

the occurrence of trichomes: Allium stamineum, Gagea arvensis, Meren-
dera trigyna, Ornithogalum narbonense. Crocus suterianus, Gladiolus

atroviolaceus. Iris aphyllus\ epidermal water storage: Gagea arvensis,

Limodorum abortivum. Orchis mascula; isolateral leaf: Allium rotundum,

A. stamineum, Colchicum biebersteinii, Merendera trigyna, Muscari co-

niosum, Ornithogalum armeniacum. Crocus ancyrensis, C. suterianus.

Gladiolus atroviolaceus. Iris aphyllus; strongly developed palisade paren-

chyma at the expense of spongy parenchyma: Allium stamineum, Meren-

dera trigyna, Ornithogalum armeniacum. Crocus ancyrensis, C. suteri-

anus
\

compactness of the tissues: Poa bulbosa. Allium rotundum, Meren-

dera trigyna. Crocus ancyrensis, C. suterianus; decreased size of cells:

Poa bulbosa. Allium rotundum, Merendera trigyna. Crocus ancyrensis,

C. suterianus. Gladiolus atroviolaceus. Orchis mascula; water storing tis-

sue in mesophyll: Allium rotundum, A. stamineum, Gagea arvensis, Mus-
cari comosum, M. racemosum, Ornithogalum armeniacum, O. narbonense.

Crocus ancyrensis, C. suterianus, Gladiolus atroviolaceus. Iris aphyllus,

Limodorum abortivum; relative compactness of vascular bundles: Hor-

deum bulbosum, Poa bulbosa. Allium rotundum, Colchicum biebersteinii,

Merendera trigyna, Ornithogalum narbonense, Crocus ancyrensis, C. su-

terianus. Gladiolus atroviolaceus; strongly developed fibers: Hordeum
bulbosum, Poa bulbosa. Allium rotundum. Crocus ancyrensis, C. suteri-

anus. Gladiolus atroviolaceus. Iris aphyllus.

The leaves of Arum orientate, Gagea arvensis, Muscari comosum, Limo-

dorum abortivum and Orchis mascula have been designated as mesoxero-

morphic, since they exhibit structural features intermediate between meso-

morphic and xeromorphic leaves.

In spite of the adaptive responses of any particular tissue to the xeric

environment, the anatomical structures of the monocotyledonous leaves

studied are highly specialized and the pattern of tissue organization is

quite distinct even between species of the same genus.

Department of Biology, Mills College, California
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REVIEWS

Die Evolution der Angiospermen. Von Professor Dr. Armen Takhtajan,

Leningrad. Aus dem Russischen iibersetzt von W. Hoppner, Berlin, viii + 344 pages,

43 figures. VEB Gustav Fischer Verlag, Jena. 1959.

The review of this book by our fellow-member of the California Botanical Society,

Dr. Lincoln Constance (Science 132:801. 1960), led me to order it from Messrs.

Stechert-Hafner. It is not available in this country. Sent from East Germany, it

arrived in about three months, with a bill for $11.65, including postage.

About two thirds of the work may be described as prolegomena. The workings of

evolution in general are described; as details, the frequency of neoteny (this term is

distinguished from paedomorphosis, and preferred to it), and of parallel development,

are noted ; the hypothesis of a profound difference in mechanism between macro-

evolution and microevolution is denied. The generally accepted hypotheses as to the

usual directions of evolution in the plant body, the xylem, phloem, vascular anatomy
of the node, the leaf, the flower and its parts, the fruit and seed, are duly set forth.

The telome theory, which denies the foliar nature of stamens and carpels, is rejected.

The flowering plants are held to be genuinely a natural group, being of a single

evolutionary origin. The original flowering plants are believed to have been large-

leaved trees of tropical mountains.

Surely, the original flowering plants were homoxylous, i.e., without vessels in

the wood. The plants now living which are homoxylous as a primitive character

(Lemnaceae, at least, are homoxylous by reduction) are primitive in all of their

characters. Nevertheless, these few appear to be related to widely divergent hetero-

xylous groups. Takhtajan suggests the independent origin of vessels in at least five

distinct lines of descent. Winteraceae, allied to Magnohaceae, appear to represent

the origin of the bulk of the dicots. Trochodendraceae and Tetracentraceae appear

to lead into Amentiferae, and Amborella and Sarcandra into minor lines. The
Nymphaeaceae appear to represent the ancestry of the monocots. Thus certain

hypotheses maintained by Bailey and Cheadle are at the same time applied and
convincingly supported: the presentation is elegant in the sense in which our math-
ematical and physical colleagues use the term.

Referring primarily to the body of opinion which has just been sketched, Con-
stance remarks, "If in all this there is very little that is startlingly new to Western

students of plant evolution, it is interesting to discover that the climate of opinion

is not radically different between East and West." I think that there is something

more to say. The Russian botanists know everything that we know
;

Takhtajan cites

Bailey and Cheadle, Gundersen and Cronquist. We, on the other hand, can not be

certain that political and linguistic barriers have not withheld from us much pertinent

information. How many American botanists have cited Koso-Poljansky ?

These same opinions of Takhtajan are available also in two essays which have
been translated into English by Mrs. Olga Hess Gankin, edited by G. Ledyard Steb-

bins, published by the American Institute of Biological Sciences, and reviewed by
Constance, along with the book, as cited above. In one of these translations, the

mere skeleton of Takhtajan's system of the flowering plants is included as an
appendix.

In the book, Takhtajan's conception of the phylogeny and the system of the

flowering plants constitutes the remaining one-third of the text. The extent of this


